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(54) Method and apparatus for reducing the first wafer effect 



(57) A method and apparatus for significantly reduc- 
ing and even eliminating the First Wafer Effect is dis- 
closed. In a first aspect, the First Wafer Effect is reduced 
by heating a deposition chamber (following an idle pe- 
riod) to its steady-state temperature by using a coil to 
which RF power is applied. In a second aspect, the First 
Wafer Effect is reduced by similarly heating a deposition 
chamber (following an idle period) to a temperature 



greater than its steady-state temperature and then cool- 
ing the chamber to its steady-state temperature. Prefer- 
ably a gas is flowed into the deposition chamber in both 
the first and second aspects to increase the chamber's 
heating rate. Further, a DC voltage may be applied to 
the deposition chamber's target to cause sputtering of 
target material on non-production objects for target con- 
ditioning 
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Description 

This invention relates to thin film deposition and 
more specifically to a method and apparatus for main- 
taining consistently high quality deposited films regard- 
less of chamber idle time. 

Thin film deposition is essential to the manufacture 
of solid state electronic devices. By layering various ma- 
terials on a wafer in a prescribed pattern ("patterning"), 
a solid state electronic device is formed. Within the sem- 
iconductor device industry there is an ever present trend 
for more complex multi-layer structures and smaller de- 
vice dimensions. As a result, patterned wafer costs con- 
tinue to rise, with some patterned wafers costing as 
much as $1 00,000. Because a single poor quality layer 
can destroy the entire wafer, consistent deposition of 
high quality material layers is essential. 

Commercial scale semiconductor device fabrica- 
tion takes place within automated systems having mul- 
tiple chambers. Frequently these chambers idle either 
between shifts, during changeover from one process 
configuration to another, or during equipment repair. 
During equipment repair not only does the malfunction- 
ing chamber idle, but also upstream and downstream 
chambers in perfect operating condition idle. When a hot 
deposition chamber (i.e., a chamber equipped with a 
mechanism for heating a wafer to about 300 °C to 600 
°C) idles for as brief a duration as 20 to 30 minutes, the 
material layers ("films") deposited on the first few wafers 
following the idle period undesirably exhibit lower re- 
flectance (a manifestation of broad distribution in crystal 
orientation that can result in early electro-migration fail- 
ure in the resulting device and/or lithographic patterning 
difficulty when further processed) than do films depos- 
ited during steady-state processing (i.e., those periods 
not following an idle period) and/or exhibit sheet resist- 
ance values different from those exhibited by films de- 
posited during normal production. This phenomenon is 
known as the First Wafer Effect. Thus, following an idle 
period (i.e., a period sufficient to give rise to the First 
Wafer Effect) film quality and process reliability deterio- 
rate. Wafers deposited with films that exhibit the First 
Wafer Effect must be discarded. 

The problem presented by the First Wafer Effect will 
be more fully comprehended with reference to sputter- 
ing deposition, a method employed in VLSI and ULSI 
circuits. Sputtering is one well-known method of depos- 
iting a material layer on a semiconductor substrate. A 
typical sputtering apparatus includes a target and a sub- 
strate support pedestal enclosed in a vacuum chamber. 
The target is typically affixed to the top of the chamber, 
but is electrically isolated from the chamber walls. A volt- 
age source maintains the target at a negative voltage 
with respect to the walls of the chamber, creating a volt- 
age differential which excites a gas contained within the 
vacuum chamber into a plasma. Plasma ions are gen- 
erated and directed to the target where plasma ion mo- 
mentum transfers to target atoms, causing the target at- 



oms to be ejected from the target (i.e., to sputter). The 
sputtered target atoms deposit on the substrate, thereby 
forming a thin film. Preferably, the thin film is of substan- 
tially uniform thickness. 

s As discussed previously, a constant in the semicon- 
ductor device field is the drive for reduced lateral dimen- 
sions. In order to reduce the lateral device area of stor- 
age capacitors, for example, high aspect ratio (i.e., high 
depth to width ratio) features (e.g., steps, trenches and 

10 vias) have become prevalent. Such features possess 
large side wall surface areas which allow lateral device 
dimensions to shrink while maintaining constant capac- 
itor area (and thus a constant capacitance). When sput- 
ter depositing a film over a high aspect ratio feature, tar- 

fs get material traveling in paths substantially non-perpen- 
dicular to the substrate tends to deposit near the top sur- 
face (i.e. the surface nearest the deposition material 
source or target) of the feature and to prevent subse- 
quently deposited material from reaching the feature's 

20 lower surface, causing variations in deposition layer 
thickness including voids (areas containing no deposi- 
tion material). In order to avoid such undesirable thick- 
ness variations a sputtering process known as ionized 
metal plasma (IMP) has been developed. IMP process- 
es ing is described in detail in commonly assigned co- 
pending application serial no. OB/511, B25, filed on Au- 
gust 7, 1995 entitled "Method and Apparatus for Low 
Thermal Budget Metal Filling and Planarization of Con- 
tacts, Vias and Trenches." 

30 Generally, an IMP process employs a coil surrounding 
a sputtering region of a vacuum chamber. The coil is 
placed so application of RF power to the coil generates 
an electric field that causes target atoms traveling 
through the plasma to ionize. The ionized target material 

3S is attracted to the substrate (via a potential drop be- 
tween the plasma region and the substrate and/or via a 
negative voltage applied to the substrate) along a highly 
directional, perpendicular path. The perpendicularity of 
the sputtered ions path enhances coverage of vias, 

40 trenches, and the like 

Although IMP processing greatly increases cover- 
age of high aspect ratio features, IMP sputtering cham- 
bers are plagued by the inability to overcome the First 
Wafer Effect experienced after a chamber idle period. 

45 The prior art has sought to reduce the First Wafer Effect 
by preparing the IMP sputtering chamber for production 
processing (i.e., burning-in the chamber). Prior art burn- 
in processes apply a DC voltage to the target and flow 
an inert gas into the chamber to deposit layers of target 

so material on non-production objects (e.g., dummy wa- 
fers, the deposition chamber's shutter disk, etc.) The 
number of layers deposited has varied, ranging as high 
as eight dummy wafers. 

These prior art methods reduce the productivity of 

55 the system and increase wafer costs, yet in many cases 
the first wafer effect still occurs. Thus, a recognized 
need exists generally within the semiconductor fabrica- 
tion field, and specifically within the IMP sputter depo- 
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sition area, for a process that will eliminate the First Wa- 
fer Effect. Such a process must be cost effective and 
must be able to be quickly performed using existing 
equipment and materials. 

Accordingly, it is an object of the present invention 
to provide a method and apparatus that eliminates or 
significantly reduces the occurrence of the First Wafer 
Effect in both standard deposition chambers and in IMP 
sputter deposition chambers. 

It is a further object of the invention to reduce cham- 
ber burn-in time, to reduce the number of wafers that 
must be discarded due to the First Wafer Effect, and thus 
to reduce the average cost per wafer. 

The present invention is directed to a burn-in proc- 
ess that significantly reduces and even eliminates the 
First Wafer Effect, and to the semiconductor fabrication 
system that performs the inventive burn-in process. The 
present invention allows a deposition chamber to be 
prepared for and to begin depositing production films 
sooner after an idle period than prior art methods, and 
results in production films having substantially consist- 
ent quality whether the films are deposited immediately 
after a chamber burn-in or during steady state process- 
ing. Thus, the present invention achieves the advantag- 
es of increased productivity and reduced cost per wafer. 
Moreover, the present invention benefits both IMP sput- 
tering chambers and standard deposition chambers, 
and applies to processes that require target conditioning 
as well as to processes that do not require target con- 
ditioning. 

In a first preferred aspect the present invention sup- 
plies RF power to a wire coil contained within a deposi- 
tion chamber to quickly heat the deposition chamber to 
its steady-state temperature (i.e., the temperature main- 
tained by the chamber during steady-state processing). 
Because the RF power supplied through the coil heats 
the chamber much quicker than conventional methods, 
this preferred aspect of the invention reduces the time 
required to prepare a hot deposition chamber for pro- 
duction processing after an idle period. The deposition 
chamber's productive time is thereby increased. 

In a second preferred aspect the present invention 
heats a conventional deposition chamber to a tempera- 
ture greater than the steady-state temperature and then 
cools the deposition chamber to the steady-state tem- 
perature. Although the RF power signal may be turned 
off during deposition chamber cooling, application of re- 
duced RF power allows chamber components to cool 
without experiencing undue thermal stress (e.g., the 
chamber components experience smaller thermal gra- 
dients). This aspect allows application of higher power, 
thereby increasing the heating ramp rate and reducing 
chamber heating time. In many applications this pre- 
ferred aspect of the invention provides shorter burn-in 
times and allows production processing to begin even 
more rapidly than does the first aspect of the invention. 

Both the first and second aspects of the invention 
are more efficient when gas, a heat conductor, is flowed 
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into the chamber during burn-in. For deposition cham- 
bers that require target conditioning (described below) 
the gas normally used during production processing is 
flowed into the deposition chamber, and a DC voltage 
s is applied to the deposition chamber's target to cause 
sputtering of target atoms onto non-production objects 
(e.g., dummy wafers, the deposition chamber's shutter 
disk). 

As described above, the present invention reduces 
10 the time required for chamber burn-in, and significantly 
reduces or eliminates occurrence of the First Wafer Ef- 
fect. This invention widely applies to numerous deposi- 
tion apparatuses and processes, and specifically bene- 
fits IMP sputtering processes. 
is Other objects, features and advantages of the 
present invention will become more fully apparent from 
the following detailed description of the preferred em- 
bodiments, the appended claims and the accompanying 
drawings. 

20 

FIG. 1 is a flow diagram for explaining various pre- 
ferred aspects of the present invention, and for gen- 
erally outlining a control program for controlling a 
deposition system in accordance with the present 
25 invention; and 

FIG. 2 is a diagrammatic illustration, in section, of 
the pertinent portions of an IMP sputtering chamber 
11 suitable or carrying out one embodiment of the 
present invention. 

30 

FIG. 1 is a flow diagram for explaining various pre- 
ferred aspects of the present invention, and for generally 
outlining a control program for controlling a deposition 
system in accordance with one embodiment of the 
35 present invention. 

As represented by block 1 , a controller (referenced 
generally by the number "31" in FIG. 2) determines 
whether a chamber idle period has occurred. Assuming 
an idle period has occurred, the controller then deter- 
40 mines whether target conditioning is required, as repre- 
sented by block 2. Target conditioning is required when 
the underlying process (i.e., the process performed on 
production objects) is such that a process gas film forms 
on the target during steady-state processing and/or 
45 such that an oxide film forms on the target during cham- 
ber idle time. In order to maintain consistent film quality 
during non-steady-state periods, the target must be con- 
ditioned until the process gas film forms on the target 
and/or until any oxide layers have been sputtered from 
so the target. 

In order to form a process gas film on the target and/ 
or remove any oxide layers from the target, a DC voltage 
is applied to the target while the process gas is flowed 
into the chamber. The DC voltage is sufficient to cause 
55 the gas to enter a plasma state. Ions from the gas plas- 
ma strike the target and cause atoms of target material, 
and any oxide film formed thereon, to be sputtered from 
the target. Some gas ions attach to the target forming a 
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process gas film thereon. Accordingly, as represented 
by block 3, if the controller determines target condition- 
ing is required, the process chamber's shutter disk is 
placed between the target and the pedestal, or a dummy 
wafer is placed within the deposition chamber so that 
sputtered atoms deposit thereon. The process gas is 
flowed into the deposition chamber and preferably al- 
lowed to stabilize before the process proceeds to block 

It has been discovered, in connection with the 
present invention, that a deposition chamber must be 
heated to its steady-state temperature in order for layers 
deposited therein to exhibit a resistivity (or other tem- 
perature dependent property) consistent with the resis- 
tivity (or other temperature dependent property) exhib- 
ited by layers deposited during steady-state processing. 
A layer's resistivity is affected by the grain orientation 
and grain size of the layer. For many materials a desired 
grain orientation and/or a desired grain size is achieved 
at relatively high temperatures. Therefore it is important 
when depositing such materials to heat the deposition 
chamber to its steady-state temperature prior to produc- 
tion processing. 

Accordingly, as represented by block 4, in order to 
ensure consistent deposited layer quality; (1) prior to 
production processing the target is conditioned to its 
steady-state condition (e.g., having a process gas film 
formed thereon) by applying a sufficient DC power sig- 
nal to the target and (2) prior to production processing 
the deposition chamber is heated to its steady-state 
temperature by applying a sufficient RF power signal to 
the coil. As the DC and RF power signals are applied to 
the target and the coil, respectively, the process gas 
continues to flow to the deposition chamber, forming a 
process gas film on the target. The DC and RF power 
signals cause the process gas to strike a plasma and 
plasma energy transfers to deposition chamber compo- 
nents causing the deposition chamber components to 
heat. The RF power signal applied to the coil is prefer- 
ably equal to or greater than the RF power signal applied 
to the coil during the underlying process; a greater pow- 
er signal provides a faster heating rate. 

The controller may be programmed to heat the dep- 
osition chamber to a temperature equal to its steady- 
state temperature, as represented by block 5, or to a 
temperature greater than its steady-state temperature, 
as represented by block 6. By heating the deposition 
chamber to a temperature greater than the steady-state 
temperature the heating ramp rate can be increased, as 
a greater RF power signal may be applied to the coil. In 
this manner significantly faster heating rates are 
achieved. 

As represented by block 7, if the process chamber 
is heated to a temperature greater than the steady-state 
temperature, the process chamber must be cooled to its 
steady-state temperature prior to beginning production 
processing. The RF power signal may be turned off dur- 
ing deposition chamber cooling, or preferably, may be 



reduced during deposition chamber cooling. Application 
of a reduced RF power signal reduces thermal gradients 
and thereby allows chamber components to cool without 
experiencing undue thermal stress, 
s As represented by blocks 8 and 9, after the target 
has been conditioned and the process chamber has sta- 
bilized at its steady-state temperature, the gas flow is 
turned off and the chamber is pumped down to a prede- 
termined vacuum level The deposition chamber is then 
10 ready to receive an object for production processing. 

In the event the target does not need conditioning 
the gas flow to the chamber is optional. However, gas 
is preferably flowed into the chamber to facilitate cham- 
ber heating as indicated by block 10. 
is Thereafter as indicated by block 11, an RF power 
signal is applied to the coil (application of a DC power 
signal to the target, and/or continued gas flow are also 
optional). The deposition chamber is then heated to the 
steady-state temperature (block 1 2) or to a temperature 
20 greater than the steady-state temperature (block 1 3). 

If the chamber is heated to a temperature greater 
than the steady-state temperature the chamber is pref- 
erably cooled to the steady-state temperature prior to 
production processing as represented by block 14. In 
25 orderto heat the chambertoatemperature greaterthan 
the steady state temperature, higher power levels can 
be applied and faster heating ramp rates achieved. In 
many applications the desired steady state temperature 
can be achieved more quickly by heating the chamber 
30 to a temperature greater than the steady state temper- 
ature and then cooling the chamber. Chamber cooling 
is preferably achieved by reducing the RF power signal 
applied to the coil as previously described with refer- 
ence to block 7. 
35 After the deposition chamber has stabilized at the 
steady-state temperature, the chamber is pumped to a 
predetermined vacuum level as represented by blocks 
1 5 and 1 6, and the chamber is then ready to receive an 
object for production processing. 
40 Layers deposited immediately following the inven- 
tive burn-in process described above are of approxi- 
mately the same quality as layers deposited during 
steady-state processing; moreover the entire burn-in 
process takes a relatively small amount of time as dem- 
45 onstrated by the specific example described below with 
reference to FIG. 2. 

FIG. 2 is a diagrammatic illustration, in section, of 
the pertinent portions of an IMP sputtering chamber 11 
suitable for putting into practice one embodiment of the 
so present invention. The IMP sputtering chamber 11 con- 
tains a wire coil 13 which is operatively coupled to an 
RF power supply 15. As shown in FIG. 2 the wire coil 
13 is positioned along the inner surface of the IMP sput- 
tering chamber 11, between a sputtering target 17 and 
55 a substrate support pedestal 1 9 The substrate support 
pedestal 1 9 is positioned in the lower portion of the I MP 
sputtering chamber 11 and the sputtering target 17 is 
mounted in the upper portion of the IMP sputtering 
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chamber 11. The IMP sputtering chamber 11 generally 
includes a vacuum chamber enclosure wall 21 having 
at least one gas inlet 23 and having an exhaust outlet 
25 operatively coupled to an exhaust pump 27. The 
sputtering target 17 is electrically isolated from the en- 
closure wall 21. The enclosure wall 21 is preferably 
grounded so that a negative voltage (with respect to 
grounded enclosure wall 21 ) may be applied to the sput- 
tering target 17 via a DC power supply 29 operatively 
coupled between the target 17 and the enclosure wall 
21 . A controller 31 is operatively coupled to the RF pow- 
er supply 15, the DC power supply 29, the gas inlet 23 
and the exhaust outlet 25. 

In this example assume that the IMP sputtering 
chamber 11 is configured for deposition of titanium ni- 
tride layers and the inventive method is employed in or- 
der to achieve layers having consistent resistivity wheth- 
er deposited following an idle period or during steady- 
state processing. Further, assume the specific deposi- 
tion process requires both argon and nitrogen gas to be 
flowed into the IMP sputtering chamber 11 through the 
gas inlet 23, while both a 2.5 kW power signal is applied 
to the wire coil 1 3 via the RF power supply 1 5 and a 5 
kW power signal is applied to the target 17 via the DC 
power supply 29. During steady-state processing a ni- 
trogen film forms on the target 17, accordingly target 
conditioning is required. 

In operation, a throttle valve (not shown) operatively 
coupled to the exhaust outlet 25 is placed in a mid-po- 
sition in order to maintain the deposition chamber at a 
desired low vacuum level. A mixture of argon and nitro- 
gen gas is flowed into the IMP sputtering chamber 11 
via the gas inlet 23. After the gas stabilizes (approxi- 
mately 1 0 seconds), both a 3kW DC power signal is ap- 
plied to the target 1 7 via the DC power supply 29 and a 
3kW RF power signal is applied to the wire coil 13 via 
the RF power supply 1 5, while the gas mixture continues 
to flow into the IMP sputtering chamber 11 via the gas 
inlet 23. The DC power applied to the target 17 causes 
the argon/nitrogen gas mixture to form a plasma and to 
generate energized plasma particles which strike the 
target 17 causing target atoms to be ejected therefrom 
and causing a nitrogen layer to form on the target 17. 
The RF power applied to the coil 13 causes the IMP 
sputtering chamber 11 and its components to heat rap- 
idly and additionally causes the ejected target atoms to 
ionize. After approximately 180 seconds the chamber 
temperature reaches and exceeds the steady-state 
process temperature. (It is understood that the heating 
rate is dependent on the specific size and configuration 
of the deposition chamber and will vary accordingly). 
Preferably in order to cool the IMP sputtering chamber 
1 1 to its steady-state temperature, a 5kW DC power sig- 
nal is applied to the target 17 and a 1 .75kW RF power 
signal is applied to the wire coil 1 3. The reduction in the 
RF power signal allows the IMP sputtering chamber 11 
and the components contained therein to cool gradually 
to the steady-state temperature without being subject to 



the thermal stress that can occur when an object cools 
too quickly. After approximately 60 seconds the IMP 
sputtering chamber 1 1 cools to the steady-state temper- 
ature. Thereafter the gas flow through the gas inlet 23 
s is shut off, and the throttle valve (not shown) operatively 
coupled to the gas exhaust outlet 25 is opened so the 
IMP sputtering chamber 11 is quickly pumped to a high 
vacuum level and is ready to receive an object for pro- 
duction processing 
10 Actual test data demonstrates the value of the 
present invention - the example 260 second titanium 
nitride IMP sputtering chamber burn-in described above 
achieves a 3% resistivity variation over 25 wafers, a sig- 
nificant improvement over the prior art method (5 kW 
'5 DC applied to the target, 8 minutes burn-in deposition 
on a total of 5 dummy wafers) which results in a 10% 
resistivity variation over 25 wafers. 

Although the inventive burn-in process described 
above is directed to a chamber configured for IMP sput- 
20 tering deposition, the invention is not limited thereto. 
Any standard deposition chamber may be supplied with 
a wire coil and an RF power supply in order to benefit 
from the faster heating rates provided by the RF pow- 
ered coil. In fact, the sputtering shield of a standard dep- 
25 osition chamber may be split so that an RF power signal 
may be applied to a portion of the sputtering shield, 
thereby enabling a standard sputtering shield (with sim- 
ple modification) to act as both a shield and an RF coil. 
The inventive burn-in process is useful for deposi- 
30 tion of numerous materials in addition to the titanium ni- 
tride described above. Any material having desired 
properties that are temperature dependent (e.g., crystal 
orientation, reflectivity, resistivity) will benefit from the 
present invention. Such materials include but are not 
35 limited to titanium, titanium nitride and titanium tungsten 
nitride. In sum, the foregoing description discloses only 
the preferred embodiments of the invention, modifica- 
tions of the above disclosed apparatus and method 
which fall within the scope of the invention will be readily 
40 apparent to those of ordinary skill in the art. For instance, 
the process conditions are not restricted to those pro- 
vided in the above example. The acceptable range of 
the DC power signal depends on hardware temperature 
limitations; a range of 500W to 30kW is preferred. The 
45 acceptable range of the RF power signal is limited only 
by the thermal properties of the wire coil; 500W to 1 0kW 
is presently preferred. 

Further it should be understood that, for a given 
process and a given property, a range of values are con- 
so sidered acceptable. Accordingly values that fall within 
such a range are considered to be of substantially con- 
sistent quality. A desired steady-state property may be 
any value that falls within a range of values determined 
to be acceptable. Thus, it will be understood that for a 
55 given process a range of temperatures may achieve the 
desired range of acceptable properties. Such a temper- 
ature range is therefore equivalent to the steady-state 
temperature. 



25 



30 



35 



45 



50 



5 



9 

Claims 

1. A method of preparing a deposition chamber for 
production processing comprising: 

applying an RF power signal to a deposition 
chamber coil; and 

heating the deposition chamber to a desired 
temperature; wherein the RF power signal is 
applied prior to production processing. 

2. The method of claim 1 wherein the RF power ap- 
plied to the deposition chamber coil is greater than 
an RF power signal applied to the deposition cham- 
ber coil during production processing. 

3. The method of claim 2 wherein the desired temper- 
ature is a temperature greater than a steady-state 
processing temperature, said method further com- 
prising cooling the deposition chamber to the 
steady state processing temperature. 

4. The method of claim 3 further comprising flowing a 
gas into the deposition chamber while applying RF 
power to the deposition chamber coil. 

5. The method of claim 4 further comprising applying 
a DC voltage to a target of the deposition chamber 
while flowing the gas into the deposition chamber. 

6. The method of claim 5 further comprising sputtering 
target material onto a non-production object within 
the deposition chamber. 

7. The method of claim 2 wherein the desired temper- 
ature is a steady state processing temperature. 

8. The method of claim 7 further comprising flowing a 
gas into the deposition chamber while applying RF 
power to the deposition chamber coil. 

9. The method of claim 9 further comprising applying 
a DC voltage to a target of the deposition chamber 
while flowing the gas into the deposition chamber. 

10. The method of claim 9 further comprising sputtering 
target material onto a non-production object within 
the deposition chamber. 

11. The method of claim 2 wherein the RF power ap- 
plied to the deposition chamber coil is equal to a 
power signal applied to the deposition chamber coil 
during production processing. 

12. The method of claim 11 wherein the desired tem- 
perature is a steady state processing temperature. 

13. The method of claim 12 further comprising flowing 



10 

a gas into the deposition chamber while applying 
RF power to the deposition chamber coil. 

14. The method of claim 13 further comprising applying 
5 a DC voltage to a target of the deposition chamber 

while flowing the gas into the deposition chamber. 

15. The method of claim 14 further comprising sputter- 
ing target material onto a non-production object 

10 within the deposition chamber. 

16. A method of producing semiconductor wafers com- 
prising: 

is after an idle period, applying RF power to a coil 

within a deposition chamber to heat the depo- 
sition chamber to at least a steady state tem- 
perature; and 

after the deposition chamber is heated to the 
desired temperature, beginning production 
processing. 

17. A deposition system comprising: 

a deposition chamber; 
a coil within said deposition chamber; and 
a controller for applying RF power to said coil 
after an idle period and before production 
processing. 
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